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Preliminary Abatement Analysis 
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Design Calculations 
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Preservation of Current Condition Option Calculations 
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Steel Frame Option Calculations 
Wind Load Development 

1. Basic Wind Speed, V = 100 mph    ASCE 7-05 Figure 6-1C 

Wind Directionality Factor, Kd = 0.85 

 For Open Signs and Lattice Framework  ASCE 7-05 Table 6-4 

 

2. Importance Factor, I = 0.87    ASCE 7-05 Table 1-1 

 

3. Exposure Category: D 
Flat, Unobstructed Areas Exposed to  
Wind flowing over open water   ASCE 7-05 6.5.6.2 
 

Height above ground, ft Exposure D (Case 1&2) 

0-15 1.03 
20 1.08 
25 1.12 
30 1.16 
40 1.22 

 
 

4. Topographic Factor, kzt = 1 
Structure is not on a hill    ASCE 7-05 6.5.7 
 

5. Gust Effect Factor, Gf = 0.85    ASCE 7-05 6.5.8 
 

6. Enclosure Classification, OPEN    ASCE 7-05 6.5.9, 6.2 
 

7. Internal Pressure Coefficient, GCpi = 0.00  ASCE 7-05 6.5.11.1 Figure 6-5 
 

8. External Force Coefficient, Cf     ASCE 7-05 6.5.11.3  
Areas 

 

Tower:  
Nominal/Projected Normal Solid Area: 95.19 sq ft 

 
Boathouse: 

Nominal/Projected Normal Solid Area: 66.29 sq ft 
 

Station House:  
Nominal/Projected Normal Solid Area: 36.40 sq ft 

 

Total Nominal/Normal Solid Area: 197.88 sq ft 
Gross Nominal/Normal Building Area: 1301 sq ft 

Epsilon: 0.152 
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Force Coefficient, Cf = 1.8  ASCE 7-05, Table 6-22 
 

Applied Wind Force = 6.50 kips ASCE 7-05, Eqn 6-28 
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Areas  

 
Tower:  

Nominal/Projected 
Normal Solid Area: 

83.32 sq ft 
 

Boathouse: 

Nominal Solid Area: 
50.50 sq ft 

Projected Normal Solid 
Area: 43.17 sq ft 

 
Station House:  

Nominal Solid Area: 
49.90 sq ft 

Projected Normal Solid 

Area: 45.29 
 

Total Solid Area: 183.72 sq ft 
Total Projected Normal Solid Area: 171.78 sq ft 

Gross Nominal Building Area: 2255 sq ft 
Epsilon: 0.0814 

 
Force Coefficient, Cf = 2.0  ASCE 7-05, Table 6-22 

 

Applied Wind Force = 6.30 kips ASCE 7-05, Eqn 6-28 
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Dead Load Development 

 Initial Try Sections: HSS 7x7x1/2 and W16x50 

 Dead Load: HSS Section: 41 lb/lft 

 Dead Load: Wide Flange Section: 50 lb/lft 

Snow Load Development 

 Neglect snow load 

 Consider worst case: 0.5” ice build up covering all members (entire surface area). 

 Assume: Density of ice: 57.25 lb/ft3 

 Total Surface Area: 

 (1000 lft)(0.583)(4)=2333 ft2 

 (2333ft2)(0.833ft)(5725lb/ft3)=11130lb 

 Total Ice Load: 11.13 lb/lft 

Live Load Development 

 Assume only live load due to seagulls negligible.  

 

 

 

 

 

Design Loads AISC 2-8 Load Case 4 

Wind 34.06 lb/lft 
Snow 5.57 lb/lft 
Dead 50.29 lb/lft                HSS7x7x1/2 

50 lb/lft                  W16x50 
Live Negligible 

Seismic Not considered 

 

Unfactored Loads ASCE 7-05 

Wind 21.29 lb/lft 
Snow 11.13 lb/lft 
Dead 41.91 lb/lft 

53.00 lb/lft 
Live Negligible 

Seismic Not considered 
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Structural Analysis 

The design loads were used to perform a matrix structural analysis on the design frame. The analysis 

revealed the nodal deformations of the structure under maximum loading. 

The following data represents the movements of the frame and the rotations that each moment 

connection must be designed for.  

***********   MASTAN2 v3.2.0   *********** 

 

Time:  12:17:47      Date:  04/21/2009 

 

Problem Title:   Wood Island Steel Frame 

************** 
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############################## 

Results of Structural Analysis 

############################## 

 

General Information: 

Structure Analyzed as:  Space Frame 

Analysis Type:  First-Order Elastic 

 

Analytical Results: 

 

(i)   Displacements at Step # 1, Applied Load Ratio = 1.0000 

 

Deflections 
Node       X-disp          Y-disp          Z-disp 

1    -7.3263e-002    -1.2307e-001    -6.6883e-002 

2    -1.1297e-001    -1.5624e-001    -5.8440e-002 

3    -5.7315e-002    -1.8373e-001    -1.0155e-001 

4    -5.9415e-002    -3.8954e-002    -1.0556e-001 

5    -7.3320e-002    -1.4269e-001    -1.0613e-001 

6    -1.3326e-001    -2.5390e-001    -1.2900e-001 

7    -1.3102e-001    -9.1532e-002    -7.8685e-002 

8    -1.7190e-001    -1.2084e-001    -5.3753e-002 

9    -4.9841e-001    -2.7137e-001    -1.2045e-001 

10    -4.8462e-001    -3.5906e-001    -2.8348e-001 

11    -4.3811e-001    -3.4548e-001    -7.3746e-001 

12    -4.4764e-001    -2.0355e-001    -6.5686e-001 

13    -4.9720e-001    -1.8476e-001    -7.3723e-001 

14    -4.9602e-001    -6.3450e-003    -6.7241e-001 

15    -5.5479e-001    -1.8109e-001    -7.9088e-001 

16     0.0000e+000     0.0000e+000     0.0000e+000 

17     0.0000e+000     0.0000e+000     0.0000e+000 

18     0.0000e+000     0.0000e+000     0.0000e+000 

19     0.0000e+000     0.0000e+000     0.0000e+000 

20     0.0000e+000     0.0000e+000     0.0000e+000 

21     0.0000e+000     0.0000e+000     0.0000e+000 

22     0.0000e+000     0.0000e+000     0.0000e+000 

23     0.0000e+000     0.0000e+000     0.0000e+000 

24     0.0000e+000     0.0000e+000     0.0000e+000 

25    -6.0375e-002    -9.6966e-002    -1.0465e-001 

26    -2.8010e-001    -3.0228e-001    -5.0730e-001 

27    -3.1827e-001    -1.9256e-001    -3.5759e-001 

28    -4.8675e-001    -4.3160e-001    -2.5510e-001 

29    -3.1609e-001    -1.6797e-001    -5.0851e-001 

30    -3.1187e-001    -2.2153e-002    -4.6233e-001 

31    -1.5337e-001    -1.7371e-001    -1.8212e-001 

32    -3.7245e-001    -3.1696e-001    -2.3470e-001 

33    -5.1078e-001    -2.8228e-001    -1.1107e-001 

 

Rotations (radians) 

Node       X-rot           Y-rot           Z-rot 

1    -1.2058e-002     7.4093e-003     5.2015e-003 

2     2.5995e-003    -4.3462e-003     6.9624e-003 

3    -1.0348e-002    -1.2659e-003     7.7390e-003 

4    -1.2302e-002    -7.2938e-004     8.1229e-003 

5    -1.2786e-002     4.9503e-003     9.9959e-003 

6     2.2243e-004    -2.6785e-003     1.1782e-002 

7    -1.7039e-002     5.0802e-003     1.3322e-002 

8     7.0242e-003    -3.9842e-003     1.8093e-002 

9    -1.3520e-003     2.8688e-003     4.9466e-003 

10    -6.7980e-003     5.2985e-003     1.5661e-002 

11    -1.6580e-002    -6.8230e-003     1.5672e-002 

12    -2.2561e-002    -6.3074e-003     1.3201e-002 

13    -1.6942e-002    -5.7410e-003     1.8036e-002 

14    -1.7679e-002    -5.2552e-003     1.8273e-002 

15    -1.6901e-002    -5.9771e-003     1.6512e-002 

16     0.0000e+000     0.0000e+000     0.0000e+000 

17     0.0000e+000     0.0000e+000     0.0000e+000 

18     0.0000e+000     0.0000e+000     0.0000e+000 

19     0.0000e+000     0.0000e+000     0.0000e+000 
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20     0.0000e+000     0.0000e+000     0.0000e+000 

21     0.0000e+000     0.0000e+000     0.0000e+000 

22     0.0000e+000     0.0000e+000     0.0000e+000 

23     0.0000e+000     0.0000e+000     0.0000e+000 

24     0.0000e+000     0.0000e+000     0.0000e+000 

25    -1.1200e-002     3.4264e-004     9.0495e-003 

26    -2.7093e-002    -4.8383e-003     1.5449e-002 

27    -1.8447e-002     1.1934e-002     1.2899e-002 

28    -5.9571e-003     5.4806e-003     1.1004e-002 

29    -2.6630e-002    -3.5683e-003     1.7662e-002 

30    -2.2997e-002    -3.6388e-003     1.7948e-002 

31    -1.2856e-002     8.7769e-003     1.4795e-002 

32    -9.6629e-003     6.5546e-003     1.2248e-002 

33    -3.7894e-004    -2.8049e-003     1.3581e-002 

 

##################################### 

End of Results of Structural Analysis 

##################################### 
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Critical Column Design  
Wide Flange 
 Longest unbraced section with highest axial load: 18 ft, 2760 lbs 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Design Procedure

1) Pu 2.760 kips

2) Assume KL

KxLx: 1

KyLy: 1

Lx 28 ft

Ly 28 ft

KLx := Kx×Lcol 14

KLy := Ky×Lcol 14

3) Assume Fcr

Fy 50 ksi

Fcr=(2/3)Fy 33.33 ksi

4) Calculate Areq

Areq 0.09 in2

5) Trial Section

Choose: W16x50 Based on AISC Column Table

Area 14.7 in2

Ix-x 659 in4

rx 6.68 in

ry 1.59 in

(KL/r)x 25.1 DOES NOT GOVERN

(KL/r)y 105.7 GOVERNS

Slenderness Check OK

Klrmax<200? YES

6) Kx Determination Ky Determination

Columns W16x50 Columns W12x65

I 659 in4 I 174 in4

L 18 ft L 18 ft

Beams HSS7x7x1/2 Beams HSS7x7x1/2

I 80.7 in4 I 80.7 in4

L 10.5 ft L 10.5 ft

Gelastic top 5.954 Gelastic top 1.572

Pu/A 0.19 ksi Pu/A 0.19 ksi

SRF 1 LOOKUP SRF 1 LOOKUP

Ginelastic top 5.954 Ginelastic top 1.572

Gbottom 1.000 Gbottom 1.000

Kx 1.7 Sidesway Uninhibited Ky 1.35 Sidesway Inhibited

AISC Figure C-C2.4 AISC Figure C-C2.3

(KL/r)x 55.0 DOES NOT GOVERN

(KL/r)y 183.4 GOVERNS

Elastic/Inelastic Limit 113.43

ELASTIC

Inelastic: Elastic:

Fe 8.50 ksi Fe 8.50 ksi

Fcr 4.26 ksi Fcr 7.46 ksi

7) Capacity 98.64 kips

Adequate Section

8) Check Slenderness

(Kl/r)max<200? YES

9) Check Compactness Limit

Flange, b/t 5.61 COMPACT 13.49 AISC Table B4.1 Case 3

Web, h/tw 35.86 COMPACT 35.88 AISC Table B4.1 Case 10
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Hollow Structural Shape (Tubing) 
 Longest unbraced section with highest axial load: 12 ft, 7431 lbs 
Design Procedure

1) Pu 7.431 kips

2) Assume KL

KxLx: 1

KyLy: 1

Lx 12 ft

Ly 12 ft

KLx := Kx×Lcol 12

KLy := Ky×Lcol 12

3) Assume Fcr

Fy 50 ksi

Fcr=(2/3)Fy 33.33 ksi

4) Calculate Areq

Areq 0.25 in2

5) Trial Section

Choose: HSS7x7x1/2 Based on AISC Column Table

Area 11.6 in2

Ix-x 80.5 in4

rx 2.63 in

ry 2.63 in

(KL/r)x 54.8 DOES NOT GOVERN

(KL/r)y 54.8 DOES NOT GOVERN

Slenderness Check OK

Klrmax<200? YES

6) Kx Determination Ky Determination

Columns HSS7x7x1/2 Columns HSS7x7x1/2

I 80.5 in4 I 80.5 in4

L 12 ft L 12 ft

Beams HSS7x7x1/2 Beams HSS7x7x1/2

I 80.7 in4 I 80.7 in4

L 31.5 ft L 25,34 ft

Gelastic top 2.618 Gelastic top 1.198

Pu/A 0.64 ksi Pu/A 0.64 ksi

SRF 1 LOOKUP SRF 1 LOOKUP

Ginelastic top 2.618 Ginelastic top1.198

Gbottom 1.000 Gbottom 1.000

Kx 1.55 Sidesway Uninhibited Ky 1.32 Sidesway Inhibited

AISC Figure C-C2.4 AISC Figure C-C2.3

(KL/r)x 84.9 GOVERNS

(KL/r)y 72.3 DOES NOT GOVERN

Elastic/Inelastic Limit 113.43

INELASTIC

Inelastic: Elastic:

Fe 39.70 ksi Fe 39.70 ksi

Fcr 29.51 ksi Fcr 34.82 ksi

7) Capacity 308.13 kips

Adequate Section

8) Check Slenderness

(Kl/r)max<200? YES

9) Check Compactness Limit

Flange, b/t 12.10 COMPACT 13.49 AISC Table B4.1 Case 3

Web, h/tw 12.10 COMPACT 35.88 AISC Table B4.1 Case 10  
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Critical Beam Design  
Longest tubular steel beam with highest moment: 34ft, -9937 lb-ft 
 
Flexural Check 
 
AISC Table 3-13 Available Flexural Design Strength: 96.4 kip-ft  
 
96400 lb-ft > 9937 lb-ft SECTION ADEQUATE 
 
Plastic Moment 
 
Mp = (Fy)(Z) = 46 ksi * 27.9 in3 = 1283.4 k-in = 106.95 k-ft = 106950 lb-ft 
 
Φ Mp = 0.9*106950 lb-ft = 96255 lb-ft 
 
Φ Mp > Mu  OK 
 
Local Buckling 
 
 Flange Local Buckling: b/t = 12.10 

 𝜆𝑝  = 0.38 
𝐸

𝐹𝑦
= 9.54  

  

 𝜆𝑟  = 1.0 
𝐸

𝐹𝑦
= 25.1  

 
 𝜆𝑝 < b/t < 𝜆𝑟   Noncompact Section 

   

  𝑀𝑛 =  𝑀𝑝 −  𝑀𝑝 − 0.7𝐹𝑦𝑆𝑥 (
𝜆−𝜆𝑝𝑓

𝜆𝑟𝑓 −𝜆𝑝𝑓
) = 1194 𝑘 𝑖𝑛            

  Φ Mn = 0.9*1194 k in  = 1074 k in = 89557 lb-ft 
 
  Φ Mp > Mu  OK 
 
 
 Web Local Buckling: b/t = 12.10 
 

 𝜆𝑝  = 3.76 
𝐸

𝐹𝑦
= 94.37  

  

 𝜆𝑟  = 5.76 
𝐸

𝐹𝑦
= 144.57  

 
 b/t < 𝜆𝑝   Compact Section 

 
Lateral Torsional Buckling 
 
 No lateral torsional buckling in HSS section because all cross-sectional elements are stiffened.  
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Cost Calculations 
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Preservation of Current Condition Costs  

  

# ft in ft in Area

1 5 0 3 0 17.78 SF

2 2 7 6 0 18.47 SF

3 2 7 6 0 18.47 SF

4 3 2 6 0 22.17 SF

5 2 10 6 0 20.06 SF

6 3 2 6 0 22.17 SF

7 3 2 6 0 22.17 SF

8 3 2 6 0 22.17 SF

9 2 7 3 0 9.72 SF

10 3 8 3 0 13.33 SF

11 3 8 3 0 13.33 SF

12 3 8 3 0 13.33 SF

13 3 8 3 0 13.33 SF

14 3 8 3 0 13.33 SF

15 3 0 1 7 6.39 SF

1 4 3 3 6 17.57 SF

2 2 10 4 6 15.31 SF

3 2 10 4 6 15.31 SF

4 4 3 3 4 16.81 SF

5 4 3 3 4 16.81 SF

6 1 9 1 0 2.78 SF

7 2 10 4 6 15.31 SF

8 2 10 4 6 15.31 SF

9 1 5 2 3.5 4.59 SF

10 1 5 2 3.5 4.59 SF

1 3 0 7 0 24.44 SF

2 1 5 2 3.5 4.59 SF

3 1 5 2 3.5 4.59 SF

4 1 5 2 3.5 4.59 SF

5 1 5 2 3.5 4.59 SF

6 1 5 2 3.5 4.59 SF

7 2 0 3 0 7.78 SF

8 2 0 3 0 7.78 SF

9 2 0 3 0 7.78 SF

10 2 0 3 0 7.78 SF

11 2 0 3 0 7.78 SF

12 2 0 3 0 7.78 SF

13 1 5 3 0 5.83 SF

14 1 5 3 0 5.83 SF

476.34 SF

To
w

e
r 

(T
h

ir
d

 a
n

d
 F

o
u

rt
h

 F
lo

o
rs

)

Total Area

Window Size Chart

Fi
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t 
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o
o

r

Width Height

Se
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n
d

 F
lo

o
r
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# ft in ft in Area

1 3 0 7 0 21.00 SF

2 3 0 7 0 21.00 SF

3 3 6 7 0 24.50 SF

4 3 7 5 0 17.92 SF

5 3 0 7 0 21.00 SF

6 9 8 9 0 87.00 SF

7 9 8 9 0 87.00 SF

8 7 5 9 0 66.75 SF

346.17 SF

Door Size Chart

Width Height

Total Area

G
ar

ag
e

Sm
al

l



Wood Island Feasibility Study 

April 2009 
 

  Page 28  

   

Item Unit
Unit 

Cost

Labor 

Cost
Spec

Cost 

Estimate
Roof Shingles - - - -

West Roof SF - - - -

East Roof SF - - - -

Tower Roof SF - - - -

TOTAL SF 10.92 24224 RS Means $47,332

Windows Steel LVR - - - - -

South Elevation 4 5 # - - - -

North Elevation 3 8 # - - - -

East Elevation 4 7 # - - - -

West Elevation 3 6 # - - - -

TOTAL AREA STEEL 246.22 - SF 9.2 4802 RS Means $7,207

TOTAL AREA LOUVERS - 230.11 SF 37 6240 Arch Lvrs  E4DS $14,754

Small Doors Steel LVR - - - - -

South Elevation 1 0 # - - - -

North Elevation 2 0 # - - - -

East Elevation 0 0 # - - - -

West Elevation 1 0 # - - - -

TOTAL AREA 105.42 x SF 9.2 1372 RS Means $2,382

Garage-Sized Doors Steel LVR - - - - -

South Elevation 1 0 # - - - -

North Elevation 2 0 # - - - -

East Elevation 0 0 # - - - -

West Elevation 0 0 # - - - -

TOTAL AREA 240.75 x SF 9.2 1029 RS Means $3,244

Siding - - - - -

South Elevation SF - - - -

North Elevation SF - - - -

East Elevation SF - - - -

West Elevation SF - - - -

TOTAL SF 1.64 1.56 RS Means $1,376

$18,730

$9,365

$104,390

50

-

30

0

10

15

55

2115

Total:

Engineering and Permitting:

Construction Contingency:

Preservation Cost Estimate
Approximate 

Quantity
-

855

1210
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Item Unit
Unit 

Cost

Labor 

Cost
Spec

Cost 

Estimate
Roof Shingles - - - -

West Roof SF - - - -

East Roof SF - - - -

Tower Roof SF - - - -

TOTAL SF 10.92 24224 RS Means $47,332

Windows Steel LVR - - - - -

South Elevation 4 5 # - - - -

North Elevation 3 8 # - - - -

East Elevation 4 7 # - - - -

West Elevation 3 6 # - - - -

TOTAL AREA WOOD 246.22 - SF 0.875 3122 Ace Hardware $3,477

TOTAL LENGTH 2"x4" 129.17 - LF 5 ACE Hardware $646

TOTAL AREA LOUVERS - 230.11 SF 37 6240 Arch Lvrs  E4DS $14,754

Small Doors Steel LVR - - - - -

South Elevation 1 0 # - - - -

North Elevation 2 0 # - - - -

East Elevation 0 0 # - - - -

West Elevation 1 0 # - - - -

TOTAL AREA 105.42 x SF 0.875 892 Ace Hardware $1,024

TOTAL LENGTH 2"x4" 66.00 - LF 5 ACE Hardware $330

Garage-Sized Doors Steel LVR - - - - -

South Elevation 1 0 # - - - -

North Elevation 2 0 # - - - -

East Elevation 0 0 # - - - -

West Elevation 0 0 # - - - -

TOTAL AREA 240.75 x SF 0.875 1029 Ace Hardware $1,240

TOTAL LENGTH 2"x4" 216.00 - LF 5 ACE Hardware $1,080

Siding - - - - -

South Elevation SF - - - -

North Elevation SF - - - -

East Elevation SF - - - -

West Elevation SF - - - -

TOTAL SF 1.64 1.56 RS Means $1,376

$17,471

$8,735

$97,466

855

Preservation Cost Estimate
Approximate 

Quantity
-

1210

50

2115

Total:

-

30

0

10

15

55

Construction Contingency:

Engineering and Permitting:
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Demolition Disposal Costs
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 Steel Frame Option Costs  
 

QUANTITY MATERIAL COST LABOR & EQUIP COST INSTALLED COST

ITEM DESCRIPTION NUMBER UNIT UNIT COST TOTAL UNIT COST TOTAL UNIT COST TOTAL

Environmental permitting & 

fees 1 LS
$4,500 $4,500 $6,000 $6,000

$10,500 $10,500

Engineering Design & Bid 

Documents 1 LS
$1,500 $1,500 $20,000 $20,000

$21,500 $21,500

Submittals & project 

management 1 LS
$600 $600 $12,000 $12,000

$12,600 $12,600

Construction $207,305

  Subtotal $241,405 

  Contingency (25%) $60,351 

  Subtotal $301,756 

Estimated Budget Amount $301,756 

CONSTRUCTION QUANTITY MATERIAL COST LABOR & EQUIP COST INSTALLED COST

ITEM DESCRIPTION NUMBER UNIT UNIT COST TOTAL UNIT COST TOTAL UNIT COST TOTAL

1. Mobilization, 

demobilization, silt fence
1 LS $1,000 $1,000 $3,000 $3,000 $4,000 $4,000

2. Demolition 1 CY $75,000

3. Refuse Transport 800 CY $24,000

3. Landfill Disposal 800 CY $17.20 $13,760 $13,760

3. Backfill 1000 CY $1.54 $1,540 $1,540

4. Foundation Installation 108 VLF $13.1 $1,414.8 $42.5 $4,590 $6,005

5. Steel Erection 35470 LB $1.9 $67,393 $0.44 $15,607 $83,000

 Subtotal $207,305

Page Subtotal  $207,305

***

***

 
  


